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TEST APPARATUS 

[0001] The present application is a continuation 

application of PCT/ JP02/11609 filed on November 7 , 2002, which 
claims the benefit of, and priority from, a Japanese patent 
application No. 2 001-34 2 954 filed on November 8, 2 001, the entire 
contents of which are incorporated herein by reference for all 
purposes . 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a test apparatus 

for testing the quality of an electronic device. More 
particularly, the present invention relatestoatest apparatus 
for testing the quality of an electronic device wherein the 
internal clock of the electronic device has jitter. 

Related Art 

[0003] Recently, the trend towards a high speed electronic 

device such as a semiconductor device is considerable. For 
example, if there is jitter in the internal clock of a high speed 
memory device such as DDR- SDRAM, the jitter component is 
inevitably included in both the output signal of the device and 
the data strobe which is a clock based on the internal clock 
and used for the transfer of the output signal to the test 
apparatus . 

[0004] However, since the conventional test apparatus 

judges the quality of the electronic device by one measurement, 
it is difficult to judge accurately due to the jitter component 
in both the output signal and the data strobe. In addition, 
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if the conventional test apparatus samples the output signal 
outputted by the electronic device at different timing, it is 
necessary to store the phase data for a plurality of sampling 
timing signals to be produced in the test apparatus to shift 
the phases of the sampling timing signals by very small time 
intervals. Accompanying the recent trend towards a high speed 
semiconductor device, the search resolution of the sampling 
timing requires high resolution. Since the conventional test 
apparatus stores the phase data for a plurality of sampling timing 
signals to be produced in the test apparatus, it is necessary 
to store enormous amounts of phase data in the test apparatus 
to achieve high resolution. However, since it is impractical 
that a memory for storing such enormous amounts of phase data 
is provided in the test apparatus and besides storing all of 
the phase data of the sampling timing signals to be produced 
is nearly impossible, so it is difficult to test the electronic 
device highly accurately. Accordingly, it is desirable that 
a plurality of sampling timing signals whose phases are shifted 
by very small time intervals should be easily produced. 



SUMMARY OF THE INVENTION 



[0005] Accordingly, it is an object of the present 

invention to provide a test apparatus, which is capable of 
overcoming the above drawbacks accompanying the conventional 
art . The above and other ob j ects can be achieved by combinations 
described in the independent claims. The dependent claims 
define further advantageous and exemplary combinations of the 
present invention . 

[0006] In order to solve the problems above, according 

to the first aspect of the present invention, a test apparatus 
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for testing an electronic device includes a reference clock 
generating unit for generating a reference clock, a pattern 
generating unit for generating a test pattern synchronously with 
the reference clock to test the electronic device, a waveform 
formatting unit for receiving the test pattern and inputting 
a formatted pattern which results from formatting the test 
pattern to the electronic device, a first timing generator for 
generating a timing signal, an output signal sampling circuit 
for sampling an output signal outputted by the electronic device 
in response to the test pattern at timing based on the timing 
signal generated by the first timing generator, and a judging 
unit for judging quality of the electronic device based on a 
sampling result of the output signal sampling circuit, wherein 
the first timing generator includes a first variable delay 
circuit unit for receiving, delaying and output ting the reference 
clock, and a first delay control unit for controlling a delay 
amount of the first variable delay circuit unit, and the first 
delay control unit includes a first basic timing data setting 
unit to which a first basic timing data is set in advance, a 
first multi-strobe resolution data setting unit to which a first 
multi-strobe resolution data is set in advance, a first 
multi-strobe data calculating unit for calculating a first 
multi-strobe data based on the first multi-strobe resolution 
data in response to the reference clock, and a first variable 
delay amount calculating unit for calculating the delay amount, 
by which the reference clock is to be delayed in the first variable 
delay circuit unit, based on the first basic timing data and 
first multi-strobe data. 

[0007] The judging unit may include output signal jitter 

calculating means for calculating jitter of the output signal 
based on the sampling result of the output signal sampling circuit, 
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and judge quality of the electronic device further based on the 
jitter of the output signal. 

[0008] The first variable delay amount calculating unit 

may calculate the delay amount by adding the first multi-strobe 
data to the first basic timing data. 

[0009] The first variable delay amount calculating unit 

may calculate the delay amount by subtracting the first 
multi-strobe data from the first basic timing data. 
[0010] The first delay control unit may further include 

a first multi-strobe data storing unit for storing the first 
multi-strobe data calculated by the first multi-strobe data 
calculating unit, anda first multi-strobe resolution data adding 
unit for adding the first multi-strobe resolution data to the 
first multi-strobe data stored in the first multi-strobe data 
storing unit in response to the reference clock, the first 
multi-strobe data storing unit may anew store the first 
multi-strobe data to which the first multi-strobe resolution 
data has been added by the first multi-strobe resolution data 
adding unit, and the first variable delay amount calculating 
unit may calculate the delay amount, by which the reference clock 
is to be delayed in the first variable delay circuit unit, based 
on the first basic timing data and the first multi-strobe data 
stored in the first multi-strobe data storing unit. 
[0011] The first delay control unit may further include 

means for setting the first multi-strobe data stored in the first 
multi-strobe data storing unit to be zero whenever a 
predetermined number of reference clocks are generated by the 
pattern generating unit. 

[0012] The first delay control unit may further include 

means for setting a new first basic timing data in the first 



5 



basic timing data setting unit whenever a predetermined number 
of reference clocks are generated by the pattern generating unit . 
[0013] The test apparatus may further include means for 

setting a new first multi-strobe resolution data in the first 
multi-strobe resolution data setting unit, when a test cycle 
to test said electronic device is completed. 
[0014] The test apparatus may further include a second 

timing generator for generating a timing signal and a data strobe 
sampling circuit for sampling an internal clock of the electronic 
device at the timing based on the timing signal generated by 
the second timing generator, wherein the electronic device may 
output the data strobe and the output signal in response to the 
internal clock, the second timing generator may include a second 
variable delay circuit unit for receiving, delaying and 
outputting the reference clock, and a second delay control unit 
for controlling a delay amount of the second variable delay 
circuit unit, the second delay control unit may include a second 
basic timing data setting unit to which a second basic timing 
data is set in advance, a second multi-strobe resolution data 
setting unit to which a second multi-strobe resolution data is 
set in advance, a second multi-strobe data calculating unit for 
calculating a second multi-strobe data based on the second 
multi-strobe resolution data in response to the reference clock, 
and a second variable delay amount calculating unit for 
calculating the delay amount, by which the reference clock is 
to be delayed in the second variable delay circuit unit, based 
on the second basic timing data and second multi-strobe data, 
and the judging unit may judge quality of the electronic device 
further based on a sampling result of the data strobe sampling 
circuit . 
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[0015] The summary of the invention does not necessarily 

describe all necessary features of the present invention. The 
present invention may also be a sub-combination of the features 
described above. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] Fig. 1 shows an example of the configuration of 

a test apparatus 100 according to the present invention. 
[0017] Fig. 2 is a block diagram showing an example of 

the configuration of a timing generator 30 of this embodiment. 
[0018] Fig. 3 shows an example of the configuration of 

the timing generator 30. 

[0019] Fig. 4 is a timing chart showing an example of the 

operation of the timing generator 30. 

[0020] Fig. 5 shows another example of the configuration 

of the test apparatus 100 according to this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] The invention will now be described based on the 

preferred embodiments, which do not intend to limit the scope 
of the present invention, but exemplify the invention. All 
of the features and the combinations thereof described in the 
embodiment are not necessarily essential to the invention. 
[0022] Fig. 1 shows an example of the configuration of 

a test apparatus 100 according to the present invention. The 
test apparatus 100 includes a reference clock generating unit 
54 for generating a reference clock, a pattern generating unit 
10 for generating a test pattern synchronously with the reference 
clock, a timing generator 30 for generating a timing signal based 
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on the reference clock, a waveform formatting unit 12 for 
generating a formatted pattern which results from formatting 
the test pattern and inputting the formatted pattern to the 
electronic device 20 at the timing based on the timing signal 
generated by the timing generator 30, a comparator 52 for 
obtaining a comparison pattern which is the pattern of an output 
signal outputted by the electronic device 20 at the timing based 
on the timing signal generated by the timing generator 30, and 
a judging unit 22 for judging the quality of the electronic device 
20 based on the comparison pattern and the expected value pattern . 
[0023] The pattern generating unit 10 generates the test 

pattern for the test of the electronic device 20 and the expected 
value pattern outputted by the electronic device 20 when the 
test pattern is inputted into the electronic device 20. The 
waveform formatting unit 12 generates the formatted pattern which 
results from formatting the test pattern and inputs the formatted 
pattern to the electronic device 20 based on the timing signal 
generated by the timing generator 30 . For example, the waveform 
formatting unit 12 delays the formatted pattern based on the 
timing signal generated by the timing generator 30 and inputs 
it to the electronic device 20- The comparator 52 obtains the 
value of the output signal outputted by the electronic device 
20 based on the inputted formatted pattern based on the timing 
signal generated by the timing generator 30. The timing 
generator 30 generates a plurality of timing signals, and the 
comparator obtains the pattern of the output signal based on 
the timing signals generated by the timing generator 30 and 
generates the comparison pattern. The judging unit 22 judges 
the quality of the electronic device 20 based on the comparison 
pattern and the expected value pattern. 
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[0024] In this embodiment, the timing generator 30 

generates a plurality of timing signals. For example, a 
plurality of clocks are inputted from the reference clock 
generating unit 54 to the timing generator 30, and the timing 
generator 30 delays a different delay amount clock whenever the 
clock is inputted and inputs it to the waveform formatting unit 
12 or the comparator 52. For example, the timing generator 30 
generates a multi-strobe by gradually increasing or decreasing 
the delay amount which results from delaying the clock whenever 
the clock is inputted. The timing generator 30 for supplying 
the timing signal to the waveform formatting unit 12 and the 
timing generator 30 for supplying the timing signal to the 
comparator 52 may have the same function and configuration. The 
timing generator 30 may include means for setting the resolution 
of the multi-strobe so as to calculate the delay amount based 
on the determined resolution of the multi-strobe whenever the 
clock is inputted. For example, the timing generator 30 may 
calculate the delay amount to which the resolution of the 
multi-strobe is added whenever the clock is inputted and delays 
and outputs the inputted clock based on the calculated delay 
amount. According to the test apparatus 100 described in this 
embodiment, since the delay amount is calculated based on the 
determined resolution of the multi-strobe, it is unnecessary 
to store the setting value of the timing for each multi-strobe 
to be generated by the timing generator 30, and the deficiency 
in the storage capacity of the test apparatus 100 can be solved. 
Hereinafter, the configuration and operation of the timing 
generator 30 will be described. 

[0025] Fig. 2 is a block diagram showing an example of 

the configuration of the timing generator 30 of this embodiment . 
The timing generator 30 includes a variable delay circuit unit 
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44 and a delay control unit 42. The variable delay circuit unit 
44 receives the reference clock, and delays and outputs it to 
the waveform formatting unit 12 or the comparator 52. The delay 
control unit 42 controls the delay amount of the variable delay 
circuit unit 44 . 

[0026] The delay control unit 42 includes a basic timing 

data setting unit 32 to which the basic timing data is set in 
advance, a multi-strobe resolution data setting unit 34 to which 
the multi-strobe resolution data is set in advance, a 
multi-strobe data calculating unit 46 for calculating the 
multi-strobe data based on the multi-strobe resolution data in 
response to the reference clock, and a first variable delay amount 
calculating unit 40 for calculating the delay amount by which 
the reference clock should be delayed by the variable delay 
circuit unit 4 4 based on the basic timing data and the multi- strobe 
data . 

[0027] The multi-strobe data calculating unit 46 

preferably calculates the multi-strobe data synchronously with 
the reference clock. In addition, the multi-strobe data 
calculating unit 46 may calculate the multi-strobe data whenever 
the reference clock generating unit 54 generates the reference 
clock. In this case, it is preferable that the output signal 
and the reference clock should be synchronized. The variable 
delay amount calculating unit 40 may control the delay amount 
by which the reference clock is to be delayed by the variable 
delay circuit unit 44 based on the multi-strobe data calculated 
in response to the reference clock and the basic timing data. 
In addition, the multi-strobe data calculating unit 4 6 preferably 
calculates the multi- strobe data to which the approximately equal 
delay amount is added whenever the reference clock generating 
unit 54 generates the reference clock. For example, the 
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multi-strobe data calculating unit 46 preferably calculates the 
multi-strobe data to which the multi-strobe resolution data is 
added whenever the reference clock generating unit 54 generates 
the reference clock. 

[0028] The variable delay amount calculating unit 40 may 

calculate the delay amount which results from adding the 
multi-strobe data to the basic timing data. And the variable 
delay amount calculating unit 40 may calculate the delay amount 
which results from subtracting the multi-strobe data from the 
basic timing data. In addition, the delay control unit 42 may 
further include means for determining whether the variable delay 
amount calculating unit 40 calculates the delay amount which 
results from adding the multi-strobe data to the basic timing 
data or subtracting the multi-strobe data from the basic timing 
data . Since the calculation method of the variable delay amount 
calculating unit 40 is selected, the change direction of the 
phase of the timing generated by the timing generator 30 can 
be controlled. In other words, whether the phase of the timing 
is shifted in the positive or negative direction of the time 
axis with regard to the output signal outputtedby the electronic 
device 20 can be selected so as to generate the timing signal. 
[0029] Fig. 3 shows an example of the configuration of 

the timing generator 30. In Fig. 3 matters given by the same 
symbols as those in Fig. 2 may have the same function and 
configuration with those in Fig. 2. The timing generator 30 
includes a variable delay circuit unit 44 and a delay control 
unit 42 (cf . Fig. 2) . The variable delay circuit unit 44 includes 
a variable delay circuit 50 and a linearization memory 48. The 
variable delay circuit 50 may include a plurality of delay 
elements so that it generates the delay amount by any combination 
of the delay elements. The linearization memory 48 selects the 
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combination of the delay elements of the variable delay circuit 
50 based on the delay amount to be delayed by the variable delay 
circuit 50. The linearization memory 48 may include a memory 
for storing the signal transmission route of the variable delay 
circuit 50 based on the delay amount used by the variable delay 
circuit 50. The linearization memory 48 receives a trigger to 
control the operation of the linearization memory 48. The 
trigger may be the reference clock. 

[0030] The delay control unit 42 includes a basic timing 

data setting unit 32, a multi-strobe resolution data setting 
unit 34, a variable delay amount calculating unit 40, a 
multi-strobe data calculating unit 46, a multi-strobe resolution 
data adding unit 36, and a multi-strobe data storing unit 38. 
In this embodiment, the multi-strobe data calculating unit 46 
may include a multi-strobe resolution data adding unit 36 and 
a multi-strobe data storing unit 38. In this .embodiment, the 
delay control unit 42 may include a digital circuit for 
controlling the delay amount of the variable delay circuit unit 
40 by digital signals. In this embodiment, the delay control 
unit 42 controls the delay amount of the variable delay circuit 
unit 40 by 18-bit digital signals. 

[0031] The multi-strobe resolution data setting unit 34 

sets the multi-strobe resolution data. The variable delay 
circuit 50 preferably includes delay elements which have a delay 
amount approximately the same as the multi-strobe resolution 
data. The multi-strobe resolution data setting unit 34 may be 
a register for storing a digital signal. And the multi-strobe 
resolution data setting unit 34 receives a trigger for 
controlling the operation of the multi-strobe resolution data 
setting unit 34. The trigger may be the reference clock. 
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[0032] The basic timing data setting unit 32 sets the basic 

timing data. The basic timing data setting unit 32 outputs the 
basic timing data to the variable delay amount calculating unit 
40 in the form of 18-bit digital signals. The basic timing data 
setting unit 32 may be a register for storing a digital signal. 
And the basic timing data setting unit 32 receives a trigger 
for controlling the operation of the multi-strobe resolution 
data setting unit 34. The trigger may be the reference clock. 
[0033] The multi-strobe resolution data setting unit 34 

supplies the multi-strobe resolution data to the multi-strobe 
resolution data adding unit 36. The multi-strobe resolution 
data adding unit 36 adds the multi-strobe resolution data to 
the multi-strobe data stored in the multi-strobe data storing 
unit 38 in response to the reference clock, and stores it in 
the multi-strobe data storing unit 38 as new multi-strobe 
resolution data. The multi-strobe data storing unit 38 stores 
the multi-strobe data calculated by the multi-strobe resolution 
data adding unit 36 of the multi-strobe data calculating unit 
46. The multi-strobe resolution data adding unit 36 may be an 
adder circuit which includes a logic circuit for adding digital 
signals. In the initial state, the multi-strobe data storing 
unit 38 may be given a desired value as the initial value of 
the multi-strobe data. In this embodiment, the multi-strobe 
data storing unit 38 is given zero as the initial value of the 
multi-strobe data . 

[0034] The multi-strobe data calculating unit 46 outputs 

the multi-strobe data stored in the multi-strobe data storing 
unit 38 to the variable delay amount calculating unit 40 in the 
form of 9-bit digital signals. The multi-strobe data storing 
unit 38 may be a register for storing a digital signal. And 
the multi-strobe data storing unit 38 receives a trigger for 
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controlling the operation of the multi-strobe data storing unit 
38. The trigger may be the reference clock. According to the 
multi-strobe data calculating unit 46 as above, it is possible 
to easily generate a delay setting value which has increased 
as much as the multi-strobe resolution data whenever the 
electronic device 20 outputs its output signal. 
[0035] In addition, the pattern generating unit 10 (cf . 

Fig. 1) may include means for outputting a reset signal (MUT 
COMMAND 2 ) to set the multi-strobe data stored in the delay amount 
to be zero or the initial value based on the test pattern to 
test the electronic device 20. And the pattern generating unit 
10 (cf . Fig. 1) may include means for setting new basic timing 
data in the basic timing data setting unit 32 at predetermined 
timing based on the test pattern to test the electronic device 
20. In addition, the test apparatus 100 may include means for 
setting new basic timing data in the basic timing data setting 
unit 32 at predetermined timing based on the test pattern to 
test the electronic device 20. The means for setting the new 
basic timing data in the basic timing data setting unit 32 
preferably sets the new basic timing data in the basic timing 
data setting unit 32 when the test cycle for the test of the 
electronic device 20 is completed. 

[0036] Moreover, the test apparatus 100 may include means 

for setting new multi-strobe resolution data in the multi-strobe 
resolution data setting unit 34 . The means for setting the new 
multi-strobe resolution data in the multi-strobe resolution data 
setting unit 34 preferably sets the new multi-strobe resolution 
data in the multi-strobe resolution data setting unit 34 when 
the test cycle for the test of the electronic device 20 is 
completed . 
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[0037] In addition, the pattern generating unit 10 (cf . 

Fig. 1) may include means for inputting a signal (MUT COMMAND 
1) , which makes the variable slight delay calculating unit 46 
start to add the multi-strobe resolution data, to the 
multi-strobe data calculating unit 46. When the multi-strobe 
data calculating unit 46 receives the signal for the start of 
addition of the multi-strobe resolution data, it starts the 
feedback of the multi-strobe data from the multi-strobe data 
storing unit 38 to the multi-strobe resolution data adding unit 
36. 

[0038] The variable delay amount calculating unit 40 

calculates the delay amount by which the reference clock is to 
be delayed in the variable delay circuit unit 44 based on the 
basic timing data and the multi-strobe data stored by the 
multi-strobe data storing unit 38. In this embodiment, the 
variable delay amount calculating unit 40 receives the 18-bit 
basic timing data and the 9-bit multi-strobe data, and adds the 
9 bits of the multi-strobe data to the low-order 9 bits of the 
basic timing data. In another embodiment, the variable delay 
amount calculating unit 40 may subtract the 9 bits of the 
multi-strobe data from the low-order 9 bits of the basic timing 
data . And the delay control unit 42 may further include selecting 
means for selecting either addition or subtraction in the variable 
delay amount calculating unit 40. The variable delay amount 
calculating unit 40 may include an adder logic circuit for 
performing addition of digital signals and a subtractor logic 
circuit for performing subtraction of digital signals. And the 
variable delay amount calculating unit 40 may include a selecting 
unit for selecting either the adder or subtractor logic circuit . 
Moreover, the elements included in the timing generator 30 may 
operate based on the reference clock. 
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[0039] Fig. 4 is a timing chart showing an example of the 

operation of the timing generator 30. In Fig. 4, the horizontal 
axis represents time, and one scale represents 2ns (nanoseconds)-. 
The reference clock row represents the reference clock generated 
by the reference clock generating unit 54, and the timing (the 
multi-strobe) row represents the timing ( the multi-strobe ) based 
on the timing signal generated by the timing generator 30. And 
the basic timing data row represents the basic timing data set 
by the basic timing data setting unit 32, the multi-strobe 
resolution data represents row the multi-strobe resolution data 
set by the multi-strobe resolution data setting unit 34, the 
multi-strobe data row represents the multi-strobe data 
calculated by the multi-strobe data calculating unit 46, and 
the variable delay amount row represents the variable delay 
amount calculated by the variable delay amount calculating unit 
40 respectively. And the numbers such as lOOOps (pico seconds) , 
1125ps, •■■ shown below the timing row represent the phase 
difference between the timing (the multi-strobe) based on the 
timing signal generated by the timing generator 30 and the 
reference clock . 

[0040] Fig. 4(a) shows an example where the basic timing 

data is set to be lOOOps, the multi-strobe resolution data to 
be 125ps, and the multi-strobe data to be Ops as the initial 
state. When MUT COMMAND 1 which is the start signal becomes 
on, the multi-strobe data calculating unit 46 starts to add the 
multi-strobe resolution data to the multi-strobe data. After 
MUT COMMAND 1 is on, the multi-strobe data calculating unit 46 
starts to add the multi-strobe resolution data to the 
multi-strobe data in response to the reference clock, and the 
multi-strobe data becomes the value shown in the multi-strobe 
data row in Fig. 4. The variable delay amount calculated by 
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the variable delay amount calculating unit 40 in response to 
the reference clock becomes the value shown in the variable delay 
amount row in Fig. 4, where the multi-strobe data has been added 
to the basic timing data. The timing generated by the timing 
generator 30 in response to the reference clock, as shown in 
Fig. 4, becomes the value which results from delaying the rise 
of the reference clock as much as the variable delay amount. 
In this embodiment, since the delay amount where the multi-strobe 
data has been added to the basic timing data is taken as the 
variable delay amount, with regard to the timing generated by 
the timing generator 30 in response to the reference clock 
increases, the delay amount to the rise of the reference clock 
increases by 125ps in Fig. 4(a) and 250ps in Fig. 4(b). 
[0041] The multi-strobe data increases by 125ps which is 

the multi-strobe resolution data in response to the reference 
clock, until MUT COMMAND 2 which is the reset signal becomes 
on. When MUT COMMAND 2 becomes on, the multi-strobe data is 
set to be Ops. MUT COMMAND 2 becomes on when the reference clock 
occurs predetermined times. The test precision and time for 
the test of the test apparatus 100 can be formatted by the number 
of the predetermined times and the setting value of the 
multi-strobe resolution data . The multi -strobe resolution data 
represents the resolution of the phase change of the timing based 
on the timing signal generated by the timing generator 30. In 
other words, by changing the multi-strobe resolution data, the 
timing of predetermined resolution of the phase change can be 
generated. And the test apparatus 100 may include means for 
setting new multi-strobe resolution data in the multi-strobe 
resolution data setting unit 34 . The new multi-strobe 
resolution data is set in the multi-strobe resolution data 
setting unit 34 when the test cycle for the test of the electronic 
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device 20 is completed. For example, when the test cycle shown 
in Fig. 4(a) is completed, the means may set the new multi-strobe 
resolution data as shown in Fig. 4(b) and the test apparatus 
100 may start a new test cycle. 

[0042] Fig. 5 shows another example of the configuration 

of the test apparatus 100 according to this invention. Matters 
in Fig. 5 given the same symbols as those in Fig. 1 may have 
the same or similar function and configuration. The test 
apparatus 100 receives the output signal from the electronic 
device 20 in response to the data strobe which is a clock based 
on the internal clock of the electronic device 20. Here, the 
data strobe is a signal which is used for an external apparatus 
to receive the output signal. For example, the data strobe is 
the signal which determines the timing for the transfer of the 
output signal. 

[0043] The test apparatus 100 includes a reference clock 

generating unit 54 for generating the reference clock, a pattern 
generating unit 10 for generating the test pattern synchronously 
with the reference clock, a waveform formatting unit 12 for 
formatting the test pattern, a signal input-output unit 14 for 
sending and/or receiving signals with the electronic device 20, 
a first timing generator 30a for generating the timing signal, 
a second timing generator 30b for generating the timing signal, 
an output signal sampling circuit 24 for sampling the output 
signal outputted by the electronic device 20, a data strobe 
sampling circuit 2 6 for sampling the data strobe of the electronic 
device 20, and a judging unit 22 for judging the quality of the 
electronic device 20. 

[0044] The pattern generating unit 10 generates the test 

pattern for the test of the electronic device 20 with the reference 
clock, and inputs it to the electronic device 20 via the waveform 
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formatting unit 12 and the signal input-output unit 14. The 
reference clock generating unit 54 generates the reference clock, 
and supplies it to the first and second timing generators 30a 
and 30b. The reference clock generating unit 54 preferably 
generates the reference clock synchronously with the output 
signal outputted by the electronic device 20 in response to the 
test pattern. The waveform formatting unit 12 formats the test 
pattern generated by the pattern generating unit 10 . For example, 
the waveform formatting unit 12 inputs the formatted pattern 
which results from delaying the test pattern generated by the 
pattern generating unit 10 as much as a desired time to the signal 
input-output unit 14. The signal input-output unit 14 is 
electrically coupled to the electronic device 20, and inputs 
the formatted pattern received from the waveform formatting unit 
12 to the electronic device 20. And the signal input-output 
unit 14 receives the output signal outputted by the electronic 
device 20 in response to the formatted pattern, and outputs it 
to the output signal sampling circuit 24 . In addition, the signal 
input-output unit 14 receives the data strobe and outputs it 
to the data strobe sampling circuit 26, so that a flip-flop in 
the test apparatus 100 receives the output signal of the 
electronic device 20. 

[0045] The first timing generator 30a supplies a plurality 

of timing signals whose phases have been shifted by very small 
time intervals to the output signal sampling circuit 24 in 
response to the output signal of the electronic device 20. The 
output signal sampling circuit 24 samples the output signals 
outputted by the electronic device 20 in response to the test 
pattern at the timing based on the timing signals generated by 
the first timing generator 30a. The judging unit 22 may include 
output signal j itter calculating means for calculating the jitter 
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of the output signal of the electronic device 20. The output 
signal jitter calculating means calculates the jitter of the 
output signal outputted by the electronic device 20 based on 
the sampling result of the output signal sampling circuit 24. 
[0046] The second timing generator 30b supplies timing 

signals whose phases have been shifted by very small time 
intervals to the data strobe sampling circuit 26 in response 
to the data strobe based on the internal clock of the electronic 
device 20. The data strobe sampling circuit 26 receives the 
data strobe of the electronic device 20, and performs sampling 
at the timing based on the timing signals generated by the second 
timing generator 30b . The j udging unit 22 may include data strobe 
jitter calculating means for calculating the jitter of the data 
strobe based on the internal clock of the electronic device 20. 
The data strobe jitter calculating means calculates the jitter 
of the data strobe based on the sampling result of the data strobe 
sampling circuit 26. The first and second timing generators 
30a and 30b have the same function and configuration as the timing 
generator 30 described in connection with Figs. 1 to 4 . 
[0047] The judging unit 22 judges the quality of the 

electronic device 20 based on at least one of the sampling results 
of the output signal sampling circuit 24 and the data strobe 
sampling circuit 2 6 . And the j udging unit 22 may j udge the quality 
of the electronic device 20 based on at least one of the sampling 
results of the output signal sampling circuit 24 and the data 
strobe sampling circuit 26 and the jitters of the output signal 
and the data strobe. For example, the judging unit 22 may judges 
the quality of the electronic device 20 based on the jitter of 
the output signal calculated by the output signal jitter 
calculating means and the jitter of the data strobe calculated 
by the data strobe jitter calculating means. In other words, 
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the judging unit 22 may compare a jitter reference value which 
is given in advance with the jitters of the output signal and 
the data strobe, and judge the quality of the electronic device 
20, In this case, the output signal sampling circuit 24 preferably 
samples the output signals of the electronic device 20 a plurality 
of times at the timing based on each of the timing signals whose 
received phases are different. The output signal jitter 
calculating means may compare the plurality of sampling results 
at the timing based on each of the timing signals whose phases 
are different with the reference value which is given in advance, 
and calculate the jitter of the output signal of the electronic 
device 20 based on how many times the sampling results at the 
timing based on each of the timing signals whose phases are 
different are more than the reference value . And the data strobe 
sampling circuit 26 preferably samples the data strobe a 
plurality of times at the timing based on each of the timing 
signals whose received phases are different. The data strobe 
jitter calculating means may compare the plurality of sampling 
results at the timing based on each of the timing signals whose 
phases are different with the reference value which is given 
in advance, and calculate the jitter of the data strobe based 
on how many times the sampling results at the timing based on 
each of the timing signals whose phases are different are more 
than the reference value. And the judging unit 22 is given a 
plurality of different jitter reference values, so that it may 
compare the jitter reference values with the calculated jitter 
and judge the quality of the electronic device 20 in response 
to each of the jitter reference values. In other words, the 
judging unit 22 may judge the quality of the electronic device 
20 based on the calculated jitter. 
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[0048] In another embodiment, the judging unit 22 may judge 

the quality of the electronic device 20 based on the sampling 
results of the output signal sampling circuit 24 and the data 
strobe sampling circuit 26. For example, the judging unit 22 
may judge the quality of the electronic device 20 based on the 
timing at which the output signal of the electronic device 20 
becomes the reference value of the output signal given in advance 
and the timing at which the data strobe becomes the reference 
value of the data strobe given in advance. The judging unit 
22 may judge the quality of the electronic device 20 based on 
the relation between the timing at which the output signal of 
the electronic device 20 becomes the reference value of the output 
signal given in advance and the timing at which the data strobe 
becomes the reference value of the data strobe given in advance. 
[0049] The first timing generator 30a includes a first 

variable delay circuit unit 44a and a first delay control unit 
42a, and the second timing generator 30b includes a second 
variable delay circuit unit 44b and a second delay control unit 
42b. The first and second variable delay circuit units 44a and 
44b may have the same function and configuration as the variable 
delay circuit unit 44 described in connection with Figs. 2 to 
4. Moreover, the first and second delay control units 42a and 
42b may have the same function and configuration as the delay 
control unit 42 described in connection with Figs. 2 to 4 . 
[0050] According to the test apparatus 100 as above, it 

is possible to easily generate a plurality of timing signals 
whose phases are shifted by very small time intervals in response 
to the output signal or the data strobe based on the internal 
clock of the electronic device 20. Therefore, it is possible 
to easily sample the output signal or the data strobe of the 
electronic device 20 at the timing based on the plurality of 
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timing signals whose phases are different. In addition, since 
it is unnecessary to have the phase data of the sampling timing 
signals whose phases are different for each of the sampling timing 
signals, the load of the storage capacity of the test apparatus 
100 can be reduced. 

[0051] Although the present invention has been described 

by way of exemplary embodiments, it should be understood that 
those skilled in the art might make many changes and substitutions 
without departing from the spirit and the scope of the present 
invention, which is defined only by the appended claims. 
[0052] As obvious from the description above, according 

to the test apparatus 100 of the present invention, it is possible 
to easily generate a plurality of timing signals whose phases 
are shifted by very small time intervals and to easily sample 
the output signal or the data strobe of the electronic device 
20 at the timing based on a plurality of timing signals whose 
phases are different. 



